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USE OF BIS ( A MIDINOB ENZIMID AZOLES ) IN THE MANUFACTURE OF MEDICAMENT FOR 
INHIBITING RETROVIRAL INTEGRASE 

Field of the Invention 

The present invention relates to methods of 
inhibiting retroviral integrases with dicationic bis- 
benzimidazoles . 
5 Background of the Invention 

The genome of the typical retrovirus encodes 
three primary enzymes that mediate the virus 
replication cycle. Reverse transcriptase converts the 
viral RNA genome into a double stranded DNA. Integrase 

10 nonspecif ically inserts this DNA copy into the host 

cell genome, and protease cleaves viral structural and 
nonstructural proteins into their mature forms. 

An essential step of the retroviral life 
cycle is the integration of its double -stranded DNA 

15 copy into the host genome. H. Sakai et al, J. Virol. 
"67, -1169-74 (1993) This process' requires highly r . ( . 
conserved sequence recognition and cleaving steps ♦ For ; 
this reason, a therapeutic agent that can interrupt 
this .process should be an.- effective and specific 

2 0 antiviral agent. A protein at the C- terminus of the 
viral polymerase, integrase (IN) , is the only viral- 
protein required for this process. R. LaFemina et al . , 
*J. Virol-. 66, 7414-7419 (1992). 

. „ >; A. Fesen et al . , Proc . Natl . Acad. Sci . USA 

25 90,-2399-2403 (1993) discuss investigations using an in 
vitro integrase assay of a -variety of chemicals as - 
potential human immunodeficiency virus type I (HIV-1) 
integrase inhibitors. The article reports several 
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topoisomerase inhibitors, such as doxorubicin, 
mitpxantrose, eliipticines and quercetin as potent 
inhibitors. .While some tpppisomerase inhibitors were 
excellent anti- integrase agents, no ..correlation was 
5 observed with antiviral effects . ,.Thisi is believed- to 
be at least partially due to the fact ^that a number of 
topoisomerase inhibitory have severe cytotoxic effects, 
depending upon their mechansim of inhibition. 

R. LaFemina et . al . , J". Virology 56, 7414-7419 

10 (1992) reports studies assessing the usefulness of the 
integrase/ enzyme as .a target for specific HIV- 1 anti- 
viral therapeutic agents by determining its absolute 
requirement for productive HIV-1 infection. The 
article reports the results of the introduction of 

15 .specif ic T .amino acid substitution into, recombinant 
.integrase and assesses the ..ability of. ;: the mutant 
proteins .to properly mediate specific and nonrspecific 
cleavage .as well . as integration. t . , , 

Summary of the Invention 

20 _A 'first aspect of the present invention is- a 

method of inhibiting retroviral, integrase.. (e.g.... in 
vitro, or in. a subject in need of. such treatment) . The 
methpd comprises administering to the v subject or 
contacting to the retroviral integrase an. effective 

25 , retroviral integrase- inhibiting, amount of a., compound- 
according to Formula — , - 



wherein : 



30 



Ri and R 2 are each independently selected 
from the group, consisting, of H or lower 
alkyl, _or R x and.R 2 togetjtier^ represent -(CH 2 ) m - 
wherein m is. from two to four; ..... „ 

E 3 is .H or lower, .alkyl ; and, T - 
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: " 1 "~ X is Cl to* "C2^ saturated' or unsaturated 

, -. , i . . . : • -gjfcyi cont aining up to one " double bond (e.g. , 
'"* 1 _* * (CH 2 ) n wherein n is from 1-2 , "which is 

urisubstituted or substituted from l" to 2 
5 : ■ - times with lower alkyl, ahd'which is 

' ' '"saturated or unsaturated^and contains^up to 
: : 1 on^ double feond) ; * ' * " 

or a'ph^ih^aceutically acceptable salt' thereof ."*' " 
^ 'In "a preferred embodiment of the invention, R a 

:f 10 '"and R 3 L are" each* H; R 2 is :1 H or" lower alkyl; and x is 
" : :: selected fro'm ^he group consisting "of -CH 2 -CH 2 - and - 
e ' : " CH^dk-'^and aiiy of the foregoing "substituted from 1 to 2 
times with lower "allc^l / V and the pharmaceutical ly 
■ acceptablV : fe^ltfe T 'theredf". ^Currently preferred' 
15 ^compounds a±*e bis [ 5 -aTTii:dirio'-2-b : eT£zimidazolyl] methane; 

1 , 2 -bis [^-Widino- ^yeri^ ethane f T, 2 -bis [5- 

- aT^difto--2--benzimi^^olyl"3 ethener -r, 2-bi : s [5- 
isopropylamidino-2 : ^benz r irfvrdazolyl] etherife, 6'r 
pharmaceiifeicaHy acfefeptable-'salts thereof. 
20 " • a second ; aspect' of - the ^reseht invention is a 

inethdd' of v bombattiilg a retroviral" infection (e . r g . in 
- ' vitro, or in 'a. subjecrt : in ne'ed- of such" tYeatment') . The 
method comprises administering' to "the subject or 
7 contacting to* the retrovirus an effective' retroviral 
25* - inf ection" combatting amount of a compound according *to 
Formula (I) as given above 02: a pharmaceutical ly 
acceptable salt'' thereof . Currently .preferred compounds 
are bis [5-amidino-2-benzimi r dazolyl].methane ; 1,2-bis [5- 
amidino-2-benzimidazolyl] ethane ; 1, 2-bis [5-amidino-2- 
30 benzimidazolyl] ethene; 1, 2-bis [5- isopropylamidino-2- 
benzimidazolyl] ethene, or pharmaceutically acceptable 
*'- -salts- thereof .* 

- - : Compounds of formula I, or there 
pharmaceutically acceptable' salts', * may be included in a 
35 therapeutically" effective amount : in a -pharmaceutically 
acceptable carrier to provide pharmaceutical 
formulations, with the therapeutically effective amount 
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being,, ef f ectiyeu to, carry out. the methods set forth 

above . : ... , 

— ? urther: - a ^ s P- e - cts - Qf the, present invention 
x include the use of., compounds pf Formula. j( I) . above and 
, 5 their pharmaceuticals acceptable salts for % the 

preparation, of a medicament for inhibiting , retroviral 
integrjase, ..or, for combatting . a retroviral infection. 

: The foregoing and other objects, and aspects 
of the present .invention are.- .explained, in detail in the 
10 specification set,, forth hereinbelow. 

Brief Description of the Drawings 
Figure^ 1. shows, the. plating efficiency of CEM 
:i cells, a human T-Lymphona cell, line. (A. H. r Kaplan et al # 

J. _ Virol. 67, 405CX-5 (1993)) , treated with various 
15 . concentrations. of 1, 2-bisj5-isopropylamidino-2- - t 
benzimidazolyl] ethene -( Compound B) (30/zM, .IOQjjlM, and 
3 00/aM) , the x-axis representing exposure, time in days 
~ and the y-axis representing viable cells per* milliliter 
(ml) ; and - 
20 Figure 2 shows -the growth rate.of Magic cells 

(J. Kimpton et al, J.. Virpl. 66, 2232^2239 (1992)) in 
- the presence ,of various concentrations of l>2-bis[5- 
isopropylamidino-2 -benztimidazolyl] ethene (Compound B) 
;V (10/iM,, 30/aM, and 100/iH)., the x-axis representing 
25, exposure time in days and the, y.- axis representing the 
number of cells. 

Detailed Description of the Invention 
■- , The; term, slower alkyl, " as used herein, 
refers- to CI to C4 linear or. branched alkyl, such as 
3 0 methyl, ethyl; propyl , butyl , isopropyl, sec-butyl , and 
tert-butyl. Methyl and. ethyl are preferred. , 
---- *?• Subjects to be treated by . the .-methods of the 

present invention are animal subjects , typically 
vertebrates , including both mammalian ( e . g . T human , 
35 cat, : dog, cow, horse, sheep, -pig, -monkey,. . ape., etc.) 
T and avian subjects (e.g. , chicken, . turkey duck, goose, 
quail, pheasant, etc. ) . 
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- v - * r ' Th4 invention applied cffeii'fe rally"" to*' '~ y 
retroviruses/ i.e., the entire Retroviridae virus 
: - family: The family encompasses 1 a L ll Viruses containing 
- : : 'an : feNA gefiomfe and' an RNA-d^p'endeiit^ DNA polymerase 
5 (reverse transcriptase) " enzymatic activity . The family' 
* is^ divided " into" three stiKE atrtilies : tl) Oncoviririae, 
' •"-including all the one oyktrtcF members and many closely 
"related nonoAcogenic Viruses; (2) Lentivirinae, the 
: "slow" viruses / such k* : s visria * virus ; * and (3 ) 
10 Spumavirinae, the "foamy" viruses that induce ' 

pers is tent infect ibns withaut any clinical disease. 
'^Retrovirusies^bf J interest" 'include human retroviruses, 
~ * such :: as immunodeficiency virus type 1 (HXV-lj , avian 
; retroviruses'; such as avian sarcoma and leukosis 
15 viruses of chickens "(ASLVsV, endogenous^ viruses" of 
1 certain ■ pheasant and quail species, 
^ ret iculoendotheliosis virus' of 5 tuirkeys and related 
- ' - viruses of Sucks and chickens , ' and lymphoprolif erate 
disease virus of turkeys; feline C-type retroviruses, 
20 including feline leukemia virus ; (Fe"LV) and feline 

sarcoma viirus (FeSV) and : endogen&us- retroviruses (RD114 
~- ? and-CCC isolate^}; mink C- type ; retroviruses , including 
mink ^ieukerhia 3 virus- (Mil/V^ ; porcine : C- type 
retroviruses; horse C- type ''ret rovif-uses , * including the 
2 : 5 equine £ infect ious anemia virus (-EiAV) ; • bbvine C- type 
retrovirus, including enzootic bovine leukosis or 
lymphosarcoma-;' slieep C-type retroviruses; and primate 
retroviruses , "including prbsimTan C-type retroviruses, 
1 Simian sarcoma arid* gibboh- -ape leukemia C-type 
30 ~ ^retroviruses, baboon- C-type retroviruses, macaque C- 

type retroviruses-; owl' monkey "C-type retroviruses, 
• Colbbufe -mbnkey- C-type - retroviruses , Mason-Pf izer monkey 
D-t^pe retrovirus-, ' Langur D-type retrovirus and . 
" "squirrel monkey D- type ' retrovirus'^ See N Teich, 
35 - Taxonomy of 'Retroviruses in Molecular Biology- off Tumor 
■i Viruses, R. -Weiss', N.' Teich, H-; Various, - and J'. Coffin, 
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E.4s . , ^Cpld 0 Sparing.. Harbor Laboratory, New York. .(2d ed. 

1984), , PPS V 26-297> , ^ . „,... ] t . 

. As. noted above, the present invention. 
^. . ,. r provides, pharmaceutical formulations comprising the 
■ _ ; 5._ aforementioned, compounds of Formula I , or 

pharmaceutically acceptable salts .thereof, in 
pharmaceutically acceptable carriers, preferably for 
aerosol, oral, and parenteral administration .as . 
discussed in greater ..detail below. Also, . the present 
10 invent ion ..provides suqh compounds or. salts thereof... , 
which have been lyophilize.d and which may „ be 
reconstituted .to form pharmaceutically. :.aqceptable 
formulations fpr administration, as, by intravenous or 
^intramuscular injection. 
15 T he therapeutically ...effective, dosage , of any 

specific compound, the use of which is -in the .scope of 
, the present invention, .will .vary somewhat from . compound 
to compound, patient . . to patient, and .will .depend upon 
the condition of r the patient -and .the .route : of delivery. 
?Q ,As A a general . .proposition, a .dosage from about .0 . 1 to 
..about 20, mg/kg -will have therapeutic; efficacy, { with 
still .higher dosages potentially being employed for 
..oral and/or aerosol . administration. Toxicity concerns 
at the -higher level may restrict .. intravenous .dosages to 
25 .-.a lower. level such as, up to about -10 mg/kg, .all weights 
.-. being calculated based upon the -weight of ; the active 
base, including the cases. -where salt -is employed. 
Typically -a dqsage from about D.56 mg/kg -to about 5 
, .mg/kg will be employed. In certain circumstances, 
3 0 higher or lower doses may .be. also appropriate. . -The - 
duration of .the treatment may be once. per. day for a 
period of from two to three weeks and .may continue for 
period o£ months or even years ^ -for .example, in 
treating chronic conditions . Lower doses given less 
35- frequently- .can be -used to .prevent. .-.or reduce the 

incidence pf recurrence .of- the . infection. The .-daily 
dose can be .administered either , by; a single dose in the 
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• ^forlft 'bf afi ;: individual ;: ao^kgi uniti'" 65 -s'everal' Smaller 
dosage units or by multiple administrAtidn ' of 
subdivided db&sgss at certain intervals, 
r* • ' compounds^ of '-Formula til may -bfe ' administered 

5 per se dif in the f orm *bf a ' pharmaceutical ly acceptable 
salt; Wfcin used ih mediditie ; ' the~salts of the " 
- c'ornpounds of ^Formula' (I) should be both' 

pharmacologically and phafmaceuticaliy , acceptable, but 
3 ndn-pharmac^utidally acceptable salts may conveniently 
10 * be used to : "prepare the "free active compound or " 

pharmaceutical^ acceptable* salts thereof and are not 
excluded "'froifr the "scope of this invention: 'Stifch 
" : ' r ' -'pharTnacofogically^nd phartnab^utically acceptable salts 

include, but are not limited 'to, those prepared form 
■15 the ~ following "acids hydrochloric, lactate, 

-hydrobromic," sulfuric , nitric , phosphoric; rhaleic, ^~ 
r * acetic, salicylic / l 'p-toluene : sUl£oriic, tartaric, citric, 
methanesulfonic, formicV malonic, succinic, - - 
: : Naphthalene- 2 -sulfdnic and 'benzenesulf oriic . Also, 
20 pharmaceut really acceptable salts can ber prepared as - 
'* alkaline metal of alkaline earth salts', such as sodium, 
-potassium or l - calcium -salts of "the carboxylic acid — 
group r Thus, the present ' : invention 'also provides 
.„ pharmaceut real f ormuiationsv bothr f or veterinary and 
? - '25 1 for -human medical ;: use , :: which comprise 'the J retroviral 
integrase inhibiting agent ' together "with '' one or'more 
pharmaceut really acceptable carriers thereof and 
optronally 'any : other -therapeutic "ingredients ;* * The 
carrier (s) : "must* -be pharmaceutical! y -acceptable in the 
3 0" '--sense "of being compatible 7 with the other - ingredients of 
: "-the" -formulation and not unduly deleterious to the 
"■■■*• :j recipient 'thereof *. % 

" ' 'The formulations include those suitable for 
■ oral', -^rectal, topical/ nasal, ^ophthalmic ^or parenteral 
3 5 (including subcutaneous, intramuscular 'and intravenous) 

-administration / 'Formulations -suitable for aerosol, 
: - : oral and parenteral administration are preferred. 
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. x . : - . The^ formulations may conveniently . be 

presented in unit dosage form and may., be- prepared by 
any of the ; methods well known in the art of pharmacy. 
..All methods include. the step of bringing. the active 
, _ ^Propound int : 0 association with a . carrier which 

constitute.! one or, more accessory ingredients. In 
general, the formulations are prepared by uniformly and 
intimately bringing the active compound into 
association w,ith a. liquid carrier, a finely divided 
10 solid carrier, or both, and then, if necessary, shaping 
the product into desired^ formulations. 

_ .Formulations of the -present invention 
suitable for oral administration may be,- presented as 
.- , discrete, units such as. capsules, cachets, tablets or 
. 1.5 _lo^enges ,. each containing a predetermined amount of -the 
--. integrase inhibiting agent- as a powder,- or granules; or 
a suspension in an aqueous ^liquor or non-aqueous liquid 
such as a syrup, an elixir, an emulsion or a draught. 
-,-<• , - ,A.. tablet . may be • made by compression, or 

2 ?:. r molding.,, optionally with one or more accessory. ,;. 
ingredients. Compressed tablets may be prepared by 
compressing in a suitable machine, .with the active 
compound being in a free -flowing form such as a powder 
or ^granules which is . optionally, mixed with a -binder, 
25 disintegrant, lubricant, inert diluent ,. surf ace active 
agent or dispersing agent. .: Molded tables comprised of 
a mixture - of the powdered ...act ive compound ;wifch a 
suitable carrier may be made .by -molding in a suitable 
machine . ... 

30 i • _ A syrup, may be made by adding the, active 

compound to a concentrated aqueous solution of a sugar, 
for example sucrose, to which may also be added any 
accessory ingredient ( s.) . Such accessory, -ingredient ( s ) 
may include flavorings,- suitable preservatives, an 

35 agent to -retard crystallization of the sugar, and a« 
■. agent to increase ,_the solubility of any other • 
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in£redient;-~'such r as a polyhydric c alcbhol , for example 
glycerol- of - sorbitol . - • " ' r " J ° - " T; - ^ ;r - ~ : ' ' 1 - 
* - " 7 - : • Populations -suitable * ?f fBr^ ^aS-ehteral' rj 

administration " conveniently comprise a 'st£ril£' aqueous 
5 preparation of the active' compound, which ig "preferably 
•isotonic^with the blood of" the recipifefit "arid pyrogen - 
'"free/ :t ' ** ^ 

: Na'sal^ spray ^formulations - comprise purified 
aqueous solutions 'bf the active compound with~ : ' 
10 "preservative^agerits and isotoftic agents'. ~Such ~ " 
formulations '&re preferably adjust erd to a ;: pH arid 
isotonic state compatible with the* nasal mucous 
'membranes? T ' y \ ~ r '" ~' r ' - r *' * : ~ * 

' Forrm-ilationg -for rectal administration may be 
15 presented as a suppositbiY* wi'tff c a suitable ^ carrier such 

as* cocoa butter, or hyetf dgena£?ed fats 1 x>r "iiydrc?genated 
v fatty carboxylie acids V-' 3 r u - 1 ~x- : n . . 

& - 'Ophthalmic formulations L are*%)r*epcLred by a 
similar : method to the nasal spra?y, except that the pH 
20 and --isotonic- factors - aire preferably a~dij-usteed to match 
' ' that bf^the eye. = ■ ' ' : 

'Topical -formulations com^ise- -tlife"" active 
. 4' compound dis'solved - or suspended in :-on$ or^more~ media 

■ 'sudh as "mineral "oil/ petroleiSm, polyhydroxy alcohols or 
25 ; -ot-hetf Ibases £sed' for- topical pharmaceuticaT' ' - - 
formulations. The addition oE ■ other- accessory 
ingredients ,1 vide infra > may be : desirable r 

r : in addition to the aforementioned - - 
ingredients, the formulations of this invenfcioh- may 
30 " further* include one ^or more " accessory ingredient (s) 
: ;* -ci selected from diluents, "buf f ersV~"f lavoring "agents, 
*■;-• binder's; "disintegrants , surface active" agents, 
" thickre'ner^r lubricants, preservatives" -(including 7 
^antioxidants) and the like.-- ~" " <* 
35 : - In accordance With the preferred embodiments 

of the present 1 -method,- a compound of -Formula I, or a 
pharmaceutically acceptable salt thereof, may be 
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adminis.terejd^orally,,or ; through inhalation as, -a. solid, 
or. may. be administered intramuscularly, or -intravenously 
_ ^ as a. solution, -suspension, or emulsion . -.Alternatively, 

the^ compound ox salt .may also be administered- by 
5, inhalation, int.ravenpusly or intramuscularly as a 
liposomal suspension. ; When administered through 
inhalation the compound or. salt, should be in the form 
of a, plurality of solid particles p,r droplets having a 
particle size from about ,0.5 to about 5 microns, 

10 preferably . from, about 1 to about 2 microns,. 

The present invention also. provides 
pharmaceutical compositions . suitable for intravenous or 
intramuscular injection. The . pharmaceutical ... 
compositions comprise a, compound of Formula L,. or a 

•15 pharmaceutically acceptable salt thereof,; in,. any.. 

pharmaceutically acceptable carrier. .If .absolution is 
desired, water is^the carrier . of choice .with respect to 
water-soluble compounds or; -salts, an organic^ yehicle , 
such as. glycerol, prppylene, glycol, .polyethylene 

20 glycol,. or mixtures thereof, may r be -sui table . - ~ In the 
latter instance, the organic vehicle may contain a 
^ substantial amount of water. The solution, in ■ either 
.instance may then be^sterilized in any suitable manner, 
preferably by filtration through- a 0.22 micron filter. 

25 Subsequent , to sterilization, the -solution may be filled 
into appropriate receptacles , ; such as depyrogenated 
gl^ss vial$. Of course, : the filing- should be^ done by 
an aseptic^ method. Sterilized. .closures may then be 
placed on the vials - and, : if desired, the vial - contents 

30 may be lyophilized. r - ' • , 

In addition to compounds- of Formula I or 
their salts, . .the pharmaceutical compositions. ; may : 
contain other additives, such pH : adjusting. additives . 
In particular, -useful pH adjusting ,agents include acids 

35 or bases -or .buf f ers, r such -.a sodium lactate, sodium - : 
acetate, or -sodium gluconate.* Further, the - 
compositions -may - contain microbial .preservatives ; 
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" ' * Use*u-r micrdbiai presexvatives i^ci^dV metky'lpa'raben , 
- - ■ -"propylparaben/" and- benzyl- aacrohbi^" 1 " The microbial 
■ - = "• preservative is typically : employed wlie'ii' the" f ormulat ion 
is" 1 placed in a vial designed f or^ maltidose ; Use V' Of 
5 cburs-e'y "as indicated, : the pharmaceutical ; composlt ions 
of -the- present invention : may be iydphilized' using 
techniques well known in the' artY' : ' - : 

~ J " ln yet another^ aspect of the present 
invention, there is : provide '"an injectable, stable, 
10 sterile -composition comprising a compound of Formula I, 
or a -salt thereof, in a unit-'dbsage form in a sealed 
container-." The u compound "or : salt is provided in" the 
form of a- IybpK'ilizafe which' is capable of being 
reconstituted with- 'a- suitable : pharmaceutically 
15 acceptable carrier to form a : Tiquid composition 
" " suitable for injection thereof into the- subject. The 
unit dosage- form typically comprises" from about 10 mg 
fcb about 5 10 grams of 'the ° compound or salt." When the 
compound or-'salt" is' substantially water- insoluble, a 
20- sufficient amount of emulsifying -'agent which is ■'■ 
physiblbgically acceptable'ma^ b^ employed iri : ' 
sufficient quantity to emulsify the compound or -salt in 
an = aqueous carrier. One -such^useful emulsifying -agent 
• is phosphatidylcholine. • - " ■ :. • 

25 ' " : -' Other pharmaceutical compositions' may -be "-' "- 

prepared 7 :from the water-insoluble compounds of -Formula 
'." I , - or salts thereof ," such as aqueous base : emulsions . 
'-•In- such an : - instance- :l fehe "composition will contain a 
' : sufficient-- amount of pharmaceutical ly acceptable 
30 emulsifying agent to emulsify the desired 'amount "of the 
-compound of Formula I or salt thereof?- Particularly 
useful emulsifying agents include phosphatidyl' 
• 7 cholines-, "and lecithin^- : • - ' ■ . ' 

Further, thd present invention provides 
35 liposomal " formulations of the compounds -of Formula I- 
and salts thereof. The technology- for forming 
liposomal suspensions -is" well- known in" the- art .' When 
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the compoi^d oi; .Formula I. or salt : thereof - is -an. 
aqueous -soluble .salt,. using 7 conventional liposome 
/ technology the same may be incorporated into lipid 
vesicles .. In such an instance, duet to the water 
5 solubility of the ..compound, or fait, , the compound or 
salt will be substantially entrained within the; 
hydrophiliq center or core of the liposomes- The lipid 
layer employed may ±>e of any conventional composition 
and may either contain cholesterol or -may be - 

10 cholesterol -free. When .the r ,,compound or salt -of : 
interest is water- insoluble,, again employing 
conventional liposome formation technology , t the salt 
may be substantially entrained vil^hin .the. hydrophobic 
lipid bilayer which forms the structure of the . 

15 liposome.. v In -either, instance, the liposomes which- are 
produced may be reduced in -size, ;as through the use of 
standard sonication and homogenization techniques. 

Of, course, the -liposomal : formulations^ 1 
containing the compounds -of Formula I or salts thereof, 

2 0 may. be lyophilized to produce a ; lyophilizate; which may 

be reconstituted with a pharmaceutical^ .acceptable 
carrier, such as .water , : to regenerate a liposomal 
suspension.- ■ : * ; . 1 : 

pharmaceutical- formulations are also provided 
25 which are suitable for administration -as an ,aerosol.;, :i by 
inhalation. These ^ formulations comprise absolution or 
suspension of. the desired compound of.- Formula I or a 
salt thereof , or a plurality of solid .particles of the 
compound or salt. The .desired, formulation may be 

3 0 placed in a small chamber and nebulized. Nebuli-zation 

may be accomplished -by .compressed-air or by ultrasonic 
energy to form a plurality of liquid- droplet^ or ~ solid 
particles comprising, the .compounds of; salts. The 
liquid droplets or solid particles should -have a 
35 particle size in, the range of about ,0.5 to about 5 - ; 
microns; , The- solid particles can be obtained by 
processing the solid compound of. Formula^ I, or a; salt 
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therebfv 7 in ' any*" appropriate manner 'known -in the" art, 
; s^ch r .as by : micronization. J Mdst '"preferably ," the - size of 
. the -solid"' particles' or "droplets "-will be f^dm ij "about 1 to 
about 2 -microns. In-this -respect / commercial' ""^ 
5 nebulizers" are available to achieve "this purpose. 
Preferably, whfen " tHe - pharmaceutical f ormulaticM: 
£ suitablfe for administration -as" "an" aerosol is in 1 the 
-form of a -liquid, the -f ormulati^h will comprise a 
water J soltibIe comp'oMd'of FormulV I or "a' salt tfiereof, 
10 in "a carrier : whidh ^compri^es water. A "Surfactant may 
be present which lowers the surf ace ' t^risioif of ' the 
1 formulation sufficiently to Result in the formation of 
^ droplets within - the re desxred size range when subjected 
to nebul-i Nation. ■ - ; 
3.15;:;..; ' -s, indicated,' the present invention provides 
rboth Water-sblulDle' and Wat^r-iHsoluble compounds' and 
. -salts. '^As used an the present spe'caf icati-on, the term 
"wa^Eerr- soluble 1 ? is^eant to de'fine any ; composition 
which ^is soluble in Water'-ln- ah amount of about : 50 
- '--20 . "mg/mL^ af g'xe-at'e-r . "Alsov hs used an 'the* present 

specification, the ? term i H water -irisolublV 1 - is tneant to 
define- iany GGnpa^ation which has solubility- an Water of 
less than about 20 mg/mL. For certain applications , 
water ^soluble Compounds or : s i alts ; may-" be desirable 
25* whereat for other -applications water- ih&bluble - - - 
•compounds ^or salts likewise may be' desirable. * 

.■ 1 ' - Examples "of- compounds Exemplary of - Formula 
( I ) - ^aboVe- oiioiyde , but are not limit ecF to: 
r; ; (A) 1, 2-bis [5-amidino-2- ? 

• 30 benzimldazoly^l] ethene ; r - 

- "i - (B-)- -1 , 2-bis [5 -isopropylam*idi : ho-2 - 

behzimidazolyl-lethene ; 

(C) bis [5- (2-imiaaz61yl) -2- : benzimid^zolyl] 

methane;* - 
35 . (p) bis [5-atrtidino- : 2-benzimidazblyl] methane; 

' : ■ (E) (5-Amidin'o-2-benzimidkzolyl) - (5' - (2- 
• - ■ ■ imidazolinyl) -2 ' -benzimidazolyl ) methane;' - - 
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20 



"J : 



.. . ( AAJ ■ j . 1 , 2 -.bis.. [ 5 - amidino - 2 - 
_ benzimidazo.lyl] ethane ;.. 

(BB) O^p-bis [5- (2-imidazolyl) -2- 
benzimidazolylj ethane; .* , 

5 < . (c 9 l/2-bis.[5--(2-i.tnidazplya) -2- , 

benz imidazolyl ] e t.hene . c , ...... 

(BD) 1- (5-Amidino-2-benzimidazolyl) - (5 ' - (2- 
imidazolinyl) -2 ' -benziniidazolyl) ethane-; „, 

(EE) . 1- ( 5 r - Amidino,- 2 -benz imidazolyl) - (5' - (2- 
10 imidazolinyl) -2 ' -benzimidazolyl) ethene; 

t (FP) bis [5-isopropylamidino-2- 
benzimidazolyl] methane; . and. 

(GG) 1 , 2 -bis [5 - ispprppylamidino- 2 - : 
^ benzimidazolyl] ethane,. , . .. _ 

Additipnal : compounds illustrative.. of Formula 
.(I) analogous to the ; foregoing can be- produced by 
substituting a 2-pyrimidyl group- for the 2 -imidazolyl 
group. f ..... 

Compounds employed in carrying out the 
present invention are either kriowrT or "may be prepared 
in accordance with techniques known to those skilled in 
the art (see,, e.g., U.S. Patent No. 4,933,347, the 
entire disclosure of which is hereby incorporated by 
reference), particularly in light of the disclosure set 
25 forth below. 

^■■V . : .. il ? dicat ^ d ' the ^compounds u*sed in the 

present invention may be present as pharmaceutical^ 
acceptable salts.. _ Such salts include the glauconite, 
lactate, acetate, , tartrate, citrate, phosphate, borate, 

30 nitrate, sulfate, and hydrochloride salts. 

The salts of the present invention may be... 
prepared- in general, -by reacting two- egiiivalehts of * 
the amidine base compound with the desired acid, in 
solution. After the reaction incomplete, the salts 

35 are crystallized from solution by the addition of an 
appropriate amount of solvent in which the salt is 
insoluble . 
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The present invent Ion* "wiTI" be further 
illustrated by the following "nott-T.itni't'i'rig examples, in 
which '"-g" meani grams, "trig" means milligrams, "/ig" 
means micrograms, "mmol" means millimoXes, f, li tr means 
5 hours/ ""ml*" means' milliliter/ "M" means molar, "mM"" 
means millimolar, "UV" means'' ultraviolet V "HCl " 'means 
' -hydrogen chloride, -"Nad" means" sodium chloride, "EDTA" 
means ethylfene<iiaminetetraacetic~ acid, "MP 11 means 
melting point*/' 1 and "°b ,! meahs' degrees'' Celcius . 
10 ~ EXAMPLE 1 

Preparation of Compounds 
The structures of the compounds used in the 
inhibition studies described* below ire given in Table 1 
below. All were synthesized" by previously published^ 
15* : methodsv : ' See R. Tidwell et al, Antlmzcrob. Agents and ^ 
Chemother V 38, 000-CK)0 (1993); T.Fairley; *7. Med. 
' ■ Ghern. 36, 1746-1753 Tl993) / : - A : " 

TABLE 1 

* Structures of Intearase Inhibiting Compounds ^ ... 




Compound 


R, . - 


: -R 2 • '• 


X 


.: :A -■■ 


Am ' 


'Am - ■ 




• - — B 


IsopropAm : 


^rsoprop'Airi' *' 


~ -c=c- 




Im 


; " • ' lift " 


' CH 2 ' " 


D : ; 


Am 


" Am 


CH 2 


E ' 


"Am ' 


im 


CH 2 



Am» — C— NH 2 Im- "— if boptopAjin- -C-N-&-H 
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/: . _ ^ , . . .EXAMPLE 2, 

Preparation and Assay of Intearase Protein 

■■■-■•....-*. Pufjiflcatlpn oJE Integrase Px&texn r . Jntegrase 

was overppdpced in E. cpli .from, an inducible., plasmid 
5 CO ? t f ining integrase seqyence under control of, a 

t lacJ-regulated T7 polymerase using . the., integrase coding 
domain from the HXB2^c ; lone of. HIV- 1 DJSTA (JL. Ratner et 
al, AIDS Res. Hum. Retroviruses 3, 57-69 (198-7) ) , 
r p,T7fl!L-IN. ; A onf . liter culture at £ an O.D. pf_0.6 was 
10 .induced by. the additipn of JPTG,to 0..5. mM... " Af ter three 
: hours, .the .cells were £aryested by centrif ugation and 
the pellets were stored at. -70°C. 

The integrase protein was purified by, a 
modification of the method of Sherman and Fyfe (P. 
15 Sherman et al, Pxqc . Natl . Acad . Sci. USA 87, $H9 r 23 
(1990)) . The. cells were lysed by thawing in a buffer 
(50 m Tris-HCl. pH 7.5, ,5 ^dithiothreitol , 1 mM EDTA, 
•r: 1 «ng/ml lysozyme) on ic^ at £ ml/g bacterial pellet for 
, 30 minutes, and .then incubating at 37°C-for 5 minutes. 
20 The lysate .was. centrif uged at. 12,000 X g. f or one hour. 
, The pellets were resuspended . in, 50 mM Tris-HCl, pH 7.5, 
. 1 mM .dithiothreitol, . 1 mMEDTA, 1 M NaCl (4 ml/g 
original bacteria) . : The hpmogenate was stirred for 30 
. minutes at 4 ?.C._. and recent rif uged for 3.0 minutes at 
25 12, 000 X ,g. . _ , . 

...... .The supernatant was made 0.8 M in : ammonium 

sulfate by tl^e. slow addition : of powder yith 7 .stirring 
over a 30 minute, period. . The extract, was, then 
■ - centrituged .to remove any precipitate,* and applied to a 
30 phenyl sepharose- column.. After a 50 ml wash with high 
salt buffer. (50 mM Tris-HCl., 1 mM EDTA, 5 mM DTT, 2 M 
NaCl) , the protein, wa^ eluted with a gradient from high 
salt to O salt buffer containing . 10% (weight/vol) 
glycerol <and further purified through a G75 Sephadex 
35 qolumn to remove background nuclease. & one .liter- ,~ 

culture generates enough -integrase activity- to. perform 
over a thousand drug inhibition assays ; 
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Assays of Tnte'grrase Activity . The enzyme 
purx£'±ca'tiiQ4i it'feps- werft ma&rtor^d'-by-^an ' 

Vndotiwle^fefe^xcking assay and' 5 western blots utilizing 
a monoci^dilal antibody* ro" iritegrase' generated by W. 
" 5 ' Osherof f and R. Swafistrom at UNC* - chapel Hill. 

Sup^lrfcbile'd pBiuescriptKS+jTI' (0.3 'was' incubated 
with db'lurtin" fractions In a buffer containing 2 0 mM 
TriV-HCl, ' pH 8 . 0 , 5 mM' 2 -'mfeTrcaptoethanbl , 'arid 2* mM MnCl 2 
"* for $0 minutes at 37"°C. T&e reactions were stopped by 
10 the addition of ' SDS' to 1% and cleavage of the DNA 

substirate is assessed by electrophoresis through a 0.8% 
agarose gel stained with ethidium bromide'and 
phbto^raphed under UV illumination . *"* 

Cleavage of specific sites is assessed as 
15 : 7 described in Shermin et al l , ' stipra, except that the 
assay buffet was the Same as that reported by Chow et 
al, Science 255 r 723^6 (1992) . 'single 20 mer 
oligonucleotides corresponding to Slither the U5 or U3 
ends of HIV-1 are end-labeied : with r;:f2 P> annealed with 
20- its complement ; purified; and used ^under^the same 
conditions as described abov^- f or the ehdonuclease 
assay!' Reaction products are denatured with* £ormamide, 
* el^ctrophbresed - throii'gh ^0% denaturing polyacfylamide 
-gels and visualized- by ■ autoradiography. Sdth cleavage 
25 and ligation activity can be assessed * from one -gel ; - To 
assess the ligation activity 'aloni , "precleaved" 
' substrate that : had tfie -2 cleavage -artificially 
produced by using a radiolabelied 18 mer 
: oligonucleotide wai also used for some experiments. 
30 ' ' " 7 ' EXAMPIiE"' 3 ^ 

~ Vims and Cell^ Cultures- 

- - Cell lines used ^efe -eEM cells, a human T- 

cell" lymphona cell line, A. -Kaplan et al ; , J . Vxirol . 67, 
:: : 4 6" 50 -5 (1993)*, and kagic ' cells/ : * J. Kimpton et'-al, J. 
35- Virol 6% , 2232-2239 (1992). - The CEM cells were grown 
■ - in- RPM1-164 0 medium - supplemented with 5% FCS . The 
Magic Cells, ~ : a HELA derivative , were grown in"DMEM/H 
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. supplemented with 5% F.CS, G418 .{20. mg/ml ) ; and. 
. . Hygromycin. .(10 mg/ml) , The HIV, isolate, was, strain 
,HXB2 originally, from. Lee Ratner, in, the laboratory of 
r _ Robert Gallo at .the .National Institutes, of. He.alth. 
r l$ - - - ; EXAMPLE 4 ... - . . 

■ , . , - j - , Toxicity Assays ^ .. . 

Three „ (Jiff : erent toxicity tests were performed 
on the cell lines use^ to measure., virus.- infect iyity. 

. , The . initial te,st for toxicity utilized the 
10. XTT Assay ^s described- by Weislow et al, j\ Natl. 
, . Cancer.^ Inst. 81, 577-586 (.19.? 9). This, is the standard 
, assay used originally to measure .cell toxicity by 
potential., rgv.ers.e transcriptase . inhibitors.. . briefly, 
cells were growp to .cejlls/ml. and drug dilutions were 
15 added .to the medium. After two days incubation, XTT 
_ reagent is added and incubation is.., 5 continued fpr 4h at 
37°C. Following incubation, the plates -are- read at 450 
minus 650 nm (the 650 value is the backround value 
which is automatically^ subtracted) with controls of 
20 _ media + XTT reagent without cells, and cells + media 

:V*ithout reagent.^ .Also a control of cells media + XTT 
. reagent was. run for. ^ach. plate.. : Medium without; phenol 
red. was employed. to minimize background color as the 
XTT reagent goes from colorless .(unreduced), ~ to orange 
25, : ( reduced) . The XTT reagent was freshly prepared on the 
day of. , as say as follows: l r mg/ml of.- XTT . in 0.01 M 
phenazine methosulf ate . The phenazine • methosulf ate 
-. - solution was; prepared ahead of -time and stored at 4°C 
in a dark bottle. The XTT reagent is added to the 
3 r 0 microtiter c wells at 24 ul per- 100 ul . of , medium . The 

O.D. was measured on a. Vmapc plate reader from. Molecular 
Devices Co. with . data reduction . . Results are expressed 
. _ _ as percent of untreated controls. The least toxic 

. compounds were . Compounds A, B v - and F with toxicities 
3 5 values at 500 /xM or greater. 

- ... .Next, a. .plating., efficiency _ test ^ measured the 
ability of the cell- to- grow after incubation with drug 
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for ,c a number of days/' Magic' : celi^ v were |'rbwh f roni an 
initial" ceil* concentration' of 1 0-:8 X 104" with" 6r' without 
' various concentrations "b'f test' compound"' for 6 "days. 
1 Plating' ability of the ' cells wa's assessed by plating 
5 dilutions of each culture on plastic. Colony forming 
units were determined after* growth for two to four days 
s lby counting' colonies after staiftin'g the plates. Each 
sample was- plated in duplicate and the colbny number 
averaged.- The results are s : et" forth in Figure 1. 
10 • The - third test for" ceil toxicity assessed 

''growth rate in the presence of the'* test" Compound versus 
a control ' culture . * Magic cells were^grown ov^ir a 
• ~ • period 1 of 15 days with or withotit ^vafiou's dilutions of 
" v test" compound. Aliqubts* were reift&Ved every bther day 
15 A and the cells - were counted in a hemocytometef /- ~The 
results • are set forth in- Figure 2 herein (see also 
Tible 2 below) . : '- :c ' ' ' • 

; j.;.. -r :r „ EXAMPLE 3 ; - r • ~ n 

- 7 Integrase ^i&ibitidn Assays - ' 

2 0 - • k - - Testing- as -Jrft egrrase "Inhibitors. IntSgrase 
overproduced in E. cold was"' purified "as- described above 
: in accordance with Sherman' ^t al, supra, and used in 
:: • drug inhibition ' assays". 1 The integiras^ preparation used 

- •for' these- 'studies was- extremely pure arid' did not 

25 contain -any contaminating nuclease activity, "Dilutions 
of* the inhibitor compounds described in Exampl4 r l above 
- ' were mixed with substrate before the- addition of 
J ' ■'• -enzyme. The Assay was" the sam£ as "described in Example 

- 2 'and 'used the substrate described in Example 2 I Each 
30 assay was' performed" in duplicate'. - Radioactivity in 

- ^ ' bands 6n : dfied gels were 1 ' quantiU'ted with a' Phosphor 

2 r -imager to assess drug effects'"- on 1 both ■ the ""cleavage , 

nuclease; and ligation products.'- The ICstfvalues for 
- integrate : inhibition were 7 calculated for both the 

3 5 cleaving and joining parts- of - the- integrase reaction 
: * 1 aft^jr determining the % -'inhibition of : the control 

- "reaction' for' a series of drug concentrations: *'■ These 
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results are shown in. Table 2 belpw., -Compounds A, B, C, 
^ ^ and D had.. similar effects, on integrase activity. 

Compound A, ■. however,, caused aggregation -of . the 

.substrate -starting at relatively low concentrations (10 

5 fiM) , .complicating .its .assessment. : r . 

- ... TABLE 2 ... 

- Summary of ic o n's (/uM) 



10. 







Magic Cells 


. - Integrase 1 


Drag 


HIV-1 


Toxicity / 


Cleavage 


Strand 
Transfer 


A 2 


48 


>5oq 


11 


11.5 


B 


10-30 


473.2 - 


61 


19 


: C 


. r , .16 * 


. 237.9- 


,64 -..r 


22 


D 


\: 1 


" . ..-J 175.3 






E 


y 16 :: 


: J - 65 


>100- 


122 



'Activity 'was measured at the % cleavage of the substrate compared to control. 
IS ?This drug caused aggregation of the substrate and also precipitated out of the. culture medium at 
higher drug concentrations. 

Although hot: wishing* to be bound- by -any 
theory or explanation of * the ' invention, these compounds 
are currently -.believed to: bind in the double stranded 
20 DNA minor groove with, an AT bias (seB T. Fairley et al , 
J. Med. Chem. 36, 1746-1753 (1993 )),. and^mosf likely 
inhibit integrase^ by preventing-: the binding of 
integrase- to its recognition sequences at the" long 
terminal repeat ( ^ LTR" ,! ) of the virus : . This* proposed 
25 mechanism is- supported by the observation that both 
. cleavage: arid- integration are equally^ effected* by the 
compounds; Either DNA sequence specificity and/or 1 
direct interactions with the integrase protein' are also 
: currently believed to be possibly involved in" the 
30;. compound mechanism..; Since integrase functions as a 
. multimer, K.S. Jones et al, i7. Biol. Chem. 267, 16037- 
40 (1952), it is also' possible that the DNA binding of 
the compounds- somehow effects the- mul timer equilibrium. 
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:V. , r. - v " y- The results indicate ^tha^f? DNA k>inding 

* strength alone / howevef , is : riot: - tite ~ determining factor . 
Either ; DNA sequence spe'cif icity ? Snd/or direct 1 

• : --irit'era'ctddns ^With the integrase~p£dteirPare currently 
5 also believed to be ?: possibfy involved. 'Sxncd ' 1 * 

nucleosomes have r been '-shown to be precisely positioned 
in the 5' LTR of.HIV-l^ A. Fesen et al . , Proc . Natl. 
Acad. „ Sex USA 90 23£a-.2403™_ (19 93-)-,. such phasing could 
be *>r£& other way that ,; the dicationic, groove binding 
10- drugs interfere with ^integrase 'Action. 

_ . - - EXAMPLE 6 

Inhibition Assays 
r The magic" cell assay described by Kimptbn et 
. al . , supra, was used FJ as described. This assay 
15 identifies individual cells infected with HIV-1 by the 
expression of tat, which transactivates an endogenous^ 

• copy.of "the^HIV-1* LTR linked tg the r lac2 Ji ^eporter gene 
afteri integration, ^inducing /J^gala'Ctosidase expression 
when x-gal is added to the cell medium. Any cell with 

20 integrated HIV-1 will. -turn blue. ;.Thii-s, this assay, 
r provides a convenient ' way to. deterrnine -.the,, effect of 
: ; HIV inhibitors at 7 any early step up/ .through the* 
; expression = of. tat, . including the - inhibition of- . 

integration. , : ' c ' ~ - ' ' r - ■ '• 

25 " : ? ; . '—The magic cells* are- plated^ :in_ twelve -well 

- platen one- day: prior to infection,.- .The* ^standard assay 
involves infection with- approximately. 2 0,0? infectious 
units: of- HIV-l^. This-giyes an .approximately \2 0 to 1 
ratio; p-f signal to background and' sufficient numbers of 
30 infectious events to quant i tat e.rdint: effects-. The cells 
«, are- pretreated with drug f.pr 4 ; hours: prior: to. virus 
infection', and virus adsorption tak.e« place; for. l hour. 
The cells 'Tare washed with, plains medium*, and then medium 
^ with inhibitor is placed back -.on. the cells.'. -Two days 
35 plater: the cells, are fitted, after integration with x-gal, 
■ *■ ■-the indicator, reagent for /?,-galactosidase. production . 
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: The .number of jS-galactosidase expressing cells are 
guantitated ..by light microscopy.- , - . ti . . 

e - ■ The results, of comparison?. .of infectious 

- un f ts w ^ th : or ; without .. vari 9 us concentrations -of the 
5 bis-benzimididazoles drugs in the magic^ cell - assay are 
expressed as IC 50 values and are compiled in Table 2 
above. Note that the best anti-HIV compounds (B-D) 
were also the best integrase inhibitors, except for 
compound A, which could not be accurately measured due 
10 to its substrate aggregating properties. 

In addition, the assessment of antiviral 
activity as measured by the standard reinfection assay 
was performed for compound B. The IC S0 for compound B 
in this assay was 10-30 /xM. This confirms that the 
15 Magic cell assay is suitable for screening potential 
integrase inhibitors with good antiviral activity. 

Another test of cellular effects by the 
compounds was a measure of plating efficiency of the 
cells after incubation with various concentrations of 
20 test agents. This will assess the actual killing of 

the cells by the drugs. The IC 50 values are expected to 
be much higher in this test. The results indicate that 
the best anti-HIV compound, B, had no effect on the 
Magic cell plating efficiency at the concentrations at 
25 which anti-viral effects were observed. 

The most sensitive test employed measurements 
of growth rates for the cells in the presence of the 
test compound. Although the anti -viral assay used was 
one that assessed early times of the viral life cycle, 
3 0 this test was carried out for 15 days, with counting of 
cell numbers in cultures performed every other day 
during this time. It is important to note that for up 
to two weeks, the concentration of Compound B that 
inhibited 50% of the viral integration events had no 
35 effect on the growth rate of the cell line. Higher 

concentrations, however, did effect the growth rate of 
the cells . 
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.-- -b * Li ^*-/l»he : f bregding * exampl£s :i are illustrative of 
the present invention/ and ark hdt :; to be 'construed as 
^limiting "-thereof . : The invention ~isr "defined by the 
* : following claims/ with equivalents of the claims to be 
=■■"-* 5 included -therein." " ' : - l . .? ■ - . ^ - 
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THAT WHICH IS CLAIMED IS: . . 

1 v. A methocj of .inhibiting --retroviral 
integra.se in a subj.ect in need, of such treatment, 
comprising administering to said subject an effective 
retroviral inhibiting amount of a compound according to 
5 Formula (I) : 

R AK - - jl* R * - (i) 



wheirein : _ ; „ - 

R-l and R 2 are each independently selected from 
the group, consisting of H or lower alkyl , or R 2 and R 2 
together represent - (GH 2 ) ;rn -^ wherein m is - from two to 
■10., four ; • . „ , . .,. ' ~ - ' ^ ; : * 

R 3 is H or lower alkyl; -and ■ , 

X is CI to C2 saturated or unsaturated alkyl 
... containing- up . to. one. double bond; 

d . • or a pharmaceutical^ acceptable salt : 
15 thereof,. , . r ...... 

2. A method according to claim 1, wherein R 1S 
. R 2 , and,R 3 are H. 

3.. A : method according :to claim 1 , -wherein R 2 
and R 2 together represent -CH 2 -CH 2 - and R 3 _ is H. 

20 -4 . A^method according to claim 1, wherein X 

is -(CH 2 ) n - wherein n is from 1,-to 2, which is - 
unsubstituted or substituted from 1 to 2 times with 
lower alkyl,. and which is saturated or unsaturated and 
contains up to one double bond . -■ / ■ 
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5. A method according ''to "ciairci l ; ' wherein X 
i^^seie'cted : f rom the group consisting of: -CH 2 -CH 2 -," 
-(M-CH-V arid any of * the f GrSgoirig \ubstf touted "from 1 to 
■ " ■ ■ - 2 ; -timdts : with Power alky! / '"' ' ' - r * v ~ " " ■' 

5 6. A method according to claim'"!, wherein 

said compound is selected from the group consisting of: 

(A) i*> 2 -bis (5-amidino-2- 
benzimidazolyl] etherie; ■» * n f 

(B) 1,2 -bis [5-isopropylamidino-2- 
10 benzimidazolyl] ethene; 

(C) bis [5- (2-imidazolyl) -2-benzimidazolyl] 

methane; 

(D) bis [5-amidino-2-benzimidazolyl] methane; 
and the pharmaceutical ly acceptable salts thferfeof . 

15 ' • * 7 - A'method according to claim' 1, wherein 

said compound of Formula I- is bxsi 5- aniidino- 2- 
benzimidazolyl] methane or a pharmaceuticaliy acceptable 
salt thereof. r - - -~ H c 

8. A method^ axrcordlAg 0 to claim 1^ wherein " 
20 said compound of Forthula- I ±'& x 1 : ; 2-bis r [5-amidino-2- 

benzimidazolyl] ethane or a pharmaceuticaliy acceptable 
salt thereof. 

9. A method according to claim 1, Wherein 
said compound of Formula I is . 1, 2-bis [5-amidino-2- 

25 benzimidazolyl J ethehe ora pharmaceuticaliy acceptable 
salt -thereof -T* :r - 

■ ' - : !0. A metftod according- -to claim 1, wherein 

the subject i£ mammalian.'' '::$'>:: 

- 11. : A- method according to claim 1; wherein 

3 0 the subject is avian. : -° ' - : ' " 
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12,. „ A, method of co^nbatting a retroviral 
ii;f eqtion. in a subject in need , of • such treatment, 
comprising administering tp said, subj.ect. an. effective 
retroviral infection combatting amount of ..a- -compound 
5 according to Formula (I) : 

wherein: ^ . ^ ; 

R x and R 2 are each independently- selected from 
the group . consisting of H or lower alkyl, or R x and R 2 
together represent - (CH 2 ) m - .whereiri m is from- two to 
10 four; 

R 3 is H or lower alkyl; and : 
X is CI to C2 : saturated or unsaturated alkyl 
containing. ug to one -double bond; 

or a pharmaceutically acceptable salt 

15 thereof . 

13.,. A method according to claim 12 wherein 
c . Ri # ... R ? , and Rj. are H. ^ : . - >r ; 

.,*..* i' '* . o 
14. A method according to claim 12, wherein 
R 2 and R 2 together represent : -CH 2 -CH 2 - ■ and R 3 is H. 

.. 20 . . 15. A -method according to -claim 12,; wherein 

X is -(CH 2 ) n - wherein n is from 1 to 2, -which^is 
unsubstituted or substituted from 1 to 2 times with 
lower. alkyl, and which _is saturated or unsaturated and 
contains up to one double bond,..* * : 
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~ r 16 -_ - ^ tn^thod According *tb~ claim 12, wherein 
■ **X-" i: is- selected from' the group consisting of -Ctf 2 -Cll 2 - , 
" : -CH=CH-v*^nd any" of the f oregoihg r stib^ti'tuted' f rom 1 to 
" 2 times with lower alky!.' ~ ~ *~ ' " " " ■ 

5 17. A method according to claim 12, wherein 

said compound is selected from t he * group consisting of: 

(A) 1 , 2 -bis "1 5 --amidihd - 2 - * 
benzimidazolyl] ethene ;* " 

(B) 1, 2 -bis [5-isopropylamidino-2- 
10 benzimidazolyl] ethene ; 

(C) bis [5- (2-imidazolyl) -2-beriz£midazolyl] 
rribtharie ; - 3l " i: - : 

: • (D) ' bis [5 -amiddno- 2 -benzimidazolyl] methane; 

: and c the pharm^creiitically : acceptable salts' 1 "thereof . 

15 iff;- A method" according to claim 12, wherein 

- said'-compouhd of Formula I is bis [5-amidino-2 - r ~* 
benzimidazolyl] methane- or a pharmaGeuticaflly acceptable 
salt thereof-. - : \' ■.; >*; *- 

19. A method according to claim 12, wherein 
20 -said compound of formula -I ' is'^l; 2-bis [5-amidino-2- 

benzimidazolyl] ethane or a pfraifmac^utically acceptable 
salt thereof. 

£ ' 20. A method accofdirig td claim 12,: wherein 

said compound of Formula I is 1 , 2-bis [5-amidino-2- 
25 r benzimidazolyl ].e*thSiie or a pharmaceutically acceptable 
salt thereof". ; - - ■* 

. ■' . 21. A method according to claim 12 wherein 

the subject is mammalian.- " ' *-" n - 

22. A method according to claim 12, wherein - 
3 0 the subject is avian. 
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